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Abstract

Objectives There is limited evidence about the impact of quercetin and naringenin on
embryonic development. The purpose of this work was to evaluate in vitro their direct
teratogenic potential as well as their protective activity against teratogenesis mediated by
oxidative damage on mouse embryos.
Methods Quercetin and naringenin toxicity on whole mouse cultured embryos, as well as
their ability to protect embryos against hydroxyurea-induced insult were evaluated.
Key findings Quercetin 100 mm and naringenin 300 mm produced significant reduction of
developmental and growth parameters, in comparison with those of the control group.
Embryos exposed to the concurrent administration of quercetin or naringenin with hydroxy-
urea (2 mm, 2 h) were significantly protected from growth and developmental retardation,
and abnormalities induced by hydroxyurea. Interestingly, embryos exposed to hydroxyurea
and dimethyl sulfoxide 0.1%, the vehicle employed to dissolve flavonoids, also showed
significant damage amelioration.
Conclusions These results indicate that quercetin and naringenin have not only a minor
toxic effect on development, but also a protective effect against hydroxyurea-induced
embryonic damage.
Keywords flavonoids; hydroxyurea; teratogenesis; whole embryo culture

Introduction

The chemoprotective activity of flavonoids has attracted attention in the last few years
because it has been shown that these compounds exhibit a broad variety of pharmacological
properties, such as anti-tumour, anti-platelet, anti-ischaemic, antiviral, anti-ulcer and anti-
inflammatory, as well as cataract protective effects.[1] These biological effects have been
attributed to their antioxidant activity with a strong free radical scavenging capacity.[2]

Naringenin has been identified as an antioxidant, anti-cancer, and potent cholesterol-
lowering agent in previous animal studies.[3] Due to its antioxidant properties, it also
suppresses cytotoxicity and apoptosis in mouse leukaemia P388 cells exposed to hydrogen
peroxide,[4] or to the anti-cancer drug cytosine arabinoside.[5] Similarly, it has been shown that
quercetin scavenges free radicals directly, inhibits xanthine oxidase and lipid peroxidation,[6,7]

alters the antioxidant defence pathway in vivo and in vitro, suppresses cell proliferation,
protects against LDL oxidation, prevents platelet aggregation and induces apoptosis.[8,9]

On the other hand, oxidative damage is not only a critical mechanism in the development
of several diseases, including HIV infection, neurodegeneration, diabetes, angina and certain
forms of cancer,[10] but also has an important role in the aetiology of several congenital
anomalies. There is evidence that some teratogens may affect developing embryos by
increasing the production of reactive oxygen species, which, in combination with the
particular weak antioxidant defence in the early stages, results in embryonic damage.[11] The
connection between oxidative damage and teratogenesis has been documented for maternal
diabetes, radiation, cocaine, ethanol, phenytoin and thalidomide, among others.[12]

Hydroxyurea is a useful teratogen employed to understand the association between
developmental toxicity and oxidative stress.[13,14] It acts as an inhibitor of ribonucleotide
reductase, an enzyme responsible for deoxyribonucleotides synthesis,[15] and as inductor of
oxidative stress by generating free radicals.[16] Hydroxyurea exposure induces extensive cell
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death in the neural tube region and limb buds.[17–19] It has been
shown to produce growth retardation, neural tube and facial
defects, as well as limb defects in post-implanted cultured
embryos.[16]

The purpose of this work was to evaluate in vitro the direct
teratogenic potential of quercetin and naringenin, as well as
their protective activity against teratogenesis mediated by oxi-
dative damage in mouse embryos.

Materials and Methods

Animals
Experimental procedures were reviewed and approved by our
Institutional Committee in accordance with the ethical prin-
ciples and regulations as specified by the National Institute of
Health of Mexico official regulation ‘Norma Oficial Mexicana
para el cuidado y manejo de animales de laboratorio NOM-
ZOO-062-1999’.

Male and female CD1/ICR mice, 25–30 g, from the
Birmex S.A. (Mexico City, Mexico) were used. The mice
were kept at room temperature (24 � 2°C) in a 12-h light–
dark cycle, light on at 0800 h, with free access to tap water
and commercial pellet diet. Mating was carried out by placing
three females with one male from 0600 h to 0800 h. Gesta-
tional day (GD) 0 was designed with the confirmation of
pregnancy by the detection of vaginal sperm plug.

Whole embryo culture
On GD 8 at 0900 h, pregnant mice were killed by cervical
dislocation and the whole uteri were removed. Conceptuses
were prepared according to the Cockroft technique.[20] Briefly,
each conceptus was dissected from the uterus and decidual
tissue in Hank’s buffered saline solution (HBSS) (Gibco Co.).
Reichert’s membrane and parietal yolk sac were removed,
leaving the visceral yolk sac and the ectoplacental cone intact.
Only five to four somites embryos were used for culture and
randomized to one of each group: group 1, rat serum control;
group 2, culture media with DMSO 0.1% (Sigma Chemical
Co); groups 3–6, quercetin or naringenin (Sigma Chemical
Co) at final concentrations of 10, 30, 100 and 300 mg/ml
respectively, diluted with DMSO 0.1% in culture medium. As
many as four embryos were transferred to 60-ml sterile glass
bottles containing a final volume of 4 ml sterile heat-
inactivated rat serum at 37°C added with or without test com-
pounds (prepared following the Cockroft[20] indications).
Culture bottles were placed in a roller incubator (BTC Engi-
neering, Milton, Cambridge, UK) at 37°C and 60 rev/min.
Each vial was gassed before and immediately after the
embryo transfer, using a mixture of 5% O2, 5% CO2 and 90%
N2. The gas mixture was changed as follows: at 15 h, 15% O2,
5% CO2; at 24 h, 45% O2, 5% CO2; at 36 h, 90% O2, 5% CO2.
In all cases the mix was N2 balanced.

All embryos were removed after 48 h, placed in HBSS at
37°C, and examined for viability and development by using a
dissecting microscope. Viability was assessed by the presence
of yolk sac circulation and heartbeat. Only live embryos were
considered for further analysis. Yolk sac circulation was
evaluated while diameters were measured and first membrane
and amnion were removed. Embryonic crown–rump and head

lengths were measured; embryos were examined for number
of somites and rated by a morphological score described else-
where.[21] Abnormal embryos (having at least one abnormal-
ity) were classified according to location and features.
All embryos alive (normal or defective) were placed in cryo-
genic tubes with 900 ml of DNA assay buffer (10 mm
NaH2PO4·5H2O, 40 mm Na2HPO4 anhydrous, 2 m NaCl, 2 mm
disodium EDTA, pH 7.4 (J.T. Baker)) and kept at -70°C for
later analysis.

The interaction between hydroxyurea and naringenin or
quercetin was performed according to the method described
above, but with the following modifications: embryos were
transferred to 60-ml sterile glass bottles containing a final
volume of 4 ml culture medium at 37°C added with hydroxy-
urea 2 mm (Sigma Chemical Co) with or without each fla-
vonoid at final concentrations of 3 or 30 mm. Culture bottles
were placed in a roller incubator. Each vial was gassed before
and immediately after the embryo transfer, using a mixture of
5% O2, 5% CO2 and 90% N2. Immediately after 2 h of incu-
bation, treated embryos were washed with HBSS and trans-
ferred to new bottles containing fresh culture medium free of
chemicals. Each vial was against gassed using the same gas
mixture and was replaced in the roller incubator to continue
the culture for the remaining time up to 48 h according to the
aforementioned procedures.

DNA quantification
In accordance with the method of Labarca and Paigen,[22]

embryos were thawed and diluted with DNA assay buffer to a
final volume of 1.9 ml and then sonicated (15 s, 4 mm) by using
a Soniprep (Gallenkamp). Each sample was poured into glass
cuvette and 100 mm of 20 mg/ml Hoechst 33258 (Sigma
Chemical Co) solution was added immediately. The mixture
was stirred and the relative fluorescence (RF) at 460 nm emis-
sion and 365 nm excitation was read on a spectrofluorometer
(Perkin-Elmer LS45). The samples were read five consecutive
times, being mixed between each reading. DNA content was
determined by reference to a standard line of calf thymus DNA
(Sigma Chemical Co) and expressed as mg DNA/embryo.

Statistics
Differences between means were evaluated by one-way
analysis of variance followed by Newman–Keuls multiple
comparison test. Intergroup comparison of malformation inci-
dence was performed with Fisher’s exact test at the 95%
significance level or chi square (with Yate’s correction),
whichever was applicable. Data were analysed using the
Sigma Stat software Ver. 2.07, and presented as
means � standard error. P < 0.05 was considered significant.

Results

Effect of naringenin and quercetin on in-vitro
mouse embryo development
Several concentrations of naringenin and quercetin were
tested in separate assays to determine their effects on embry-
onic development. Table 1 shows that although naringenin at
100 mm increased the total incidence of abnormal embryos,
only at 300 mm did it produce a significant increase of abnor-
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malities such as telencephalic hypoplasia, rotation failure and
oedema, as well as viability decrease and growth retardation.

On the other hand, the embryolethal, embryotoxic and
teratogenic concentration of quercetin were 3-fold lower than
those of naringenin (Table 2). At 100 mm quercetin caused a
significant increase in the incidence of oedema and rotation
failure, while at 300 mm neural tube defects, somite dysmor-
phology and telencephalic hypoplasia were additionally
produced.

Effect of flavonoids on hydroxyurea-induced
dysmorphology of cultured mouse embryos
Working concentrations of naringenin and quercetin were
30 mm maximum because in both cases that concentration was
the highest having non-teratogenic effects. Embryo exposure
to hydroxyurea 2 mm for 2 h (Table 3) led to a significant
increase in the incidence of lethality, growth retardation and

malformations. The main abnormalities were failure of
closure of the neural tube, reduced telencephalic sphere,
oedema, rotation failure and erratic somite disposition.

Embryos subjected to co-treatment with hydroxyurea and
naringenin (Table 3) showed an improvement in viability,
growth and differentiation. Besides, naringenin diminished
the frequency of malformations in an apparent dose-
dependent fashion, since the lowest incidence of abnormal
embryos was observed at 30 mm. Specific defects like neural
closure tube failure and abnormal somites were reduced at
both naringenin concentrations. With regard to development,
growth and malformations, a better protection was obtained
when embryos where co-treated with quercetin 3 mm. More-
over, at this concentration the amelioration of hydroxyurea-
induced injury concerning these parameters was such that
values reached those of the DMSO group. However, when the
concentration of quercetin was increased to 30 mm the fre-
quency of live embryos and the number of somites were

Table 1 Effect of naringenin on cultured mouse embryos

Normal Naringenin (mm) DMSO

10 30 100 300

Total embryos 24 24 24 24 24 24
Viable embryos 24 24 24 24 22 17a

DNA (mg/embryo) 29.3 � 0.17 29.4 � 0.12 29.5 � 0.16 29.5 � 0.22 29.2 � 0.18 24.5 � 0.42a

Vitelin sac diameter (mm) 4.3 � 0.90 4.1 � 0.11 3.9 � 0.33 3.9 � 0.12 3.2 � 0.33 3.2 � 0.56
Head–rump length (mm) 4.2 � 0.97 4.2 � 0.13 4.0 � 0.31 3.8 � 0.41 3.7 � 0.14 3.3 � 0.18a

Cephalic length (mm) 2.4 � 0.75 1.9 � 0.19 2.1 � 0.16 1.9 � 0.23 1.9 � 0.46 1.7 � 0.25
No. of somites 30.4 � 1.20 29.0 � 0.5 29.3 � 1.11 30.3 � 1.35 26.0 � 1.72 25.0 � 0.98a

Morphological score 42.1 � 1.5 43.3 � 1.76 40.8 � 1.67 41.3 � 2.01 39.3 � 1.97 32.6 � 1.66a

Abnormal (n) 0 2 1 1 6a,b 9a,b

Neural tube defects (n) 0 0 0 0 3 4
Oedema (n) 0 1 1 1 4 6a,b

Rotation failure (n) 0 1 0 0 3 8a,b

Telencephalic hypoplasia (n) 0 0 0 0 2 9a,b

Mean � SEM. aP < 0.05 vs normal. bP < 0.05 vs control (DMSO 0.1%). n, Number of defective embryos from total alive. Incidences were evaluated
by c2 with Yates’s correction or Fisher’s Exact Test; means by analysis of variance, Newman–Keuls when applicable.

Table 2 Effects of quercetin on cultured mouse embryos

Normal Quercetin (mm) DMSO

10 30 100 300

Total embryos 24 24 24 24 24 24
Viable embryos 24 24 24 24 18a 14a

DNA (mg/embryo) 29.7 � 0.15 29.8 � 0.18 29.1 � 0.20 29.4 � 0.17 25.6 � 0.11a 22.3 � 0.14a

Vitelin sac diameter (mm) 4.3 � 0.90 4.1 � 0.11 4.1 � 0.13 3.7 � 0.29 3.2 � 0.33 3.0 � 0.43
Head–rump length (mm) 4.2 � 0.37 4.2 � 0.13 4.0 � 0.20 4.3 � 0.27 3.1 � 0.16a 2.8 � 0.18a

Cephalic length (mm) 2.4 � 0.75 1.9 � 0.09 2.3 � 0.15 1.9 � 0.13 1.1 � 0.26a 1.1 � 0.15a

No. of somites 30.4 � 1.20 29.0 � 0.5 28.3 � 1.11 28.6 � 1.30 26.0 � 1.72 25.0 � 0.98a

Morphological score 49.1 � 1.5 48.3 � 1.76 47.8 � 1.65 47.6 � 2.82 39.3 � 1.97a 38.6 � 1.66a

Abnormal (n) 0 2 1 1 8a,b 13a,b

Neural tube defects (n) 0 0 0 0 4 8a,b

Oedema (n) 0 1 1 0 6a,b 9a,b

Rotation failure (n) 0 1 0 1 5a,b 9a,b

Telencephalic hypoplasia (n) 0 0 0 0 4 10a,b

Mean � SEM. aP < 0.05 vs normal. bP < 0.05 vs control (DMSO 0.1 %). n, Number of defective embryos from total alive. Incidences were evaluated
by c2 with Yates’s correction or Fisher’s Exact Test; means by analysis of variance, Newman–Keuls when applicable.
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similar to those of hydroxyurea-treated embryos. Meanwhile,
the protection on growth and development insult with that
concentration decreased and the number of abnormal embryos
remained steady.

Additionally, an interesting finding was that embryos
exposed to hydroxyurea and DMSO showed a significant
decrease in the embryotoxic, embryolethal and teratogenic
effects exerted by the former, indicating that DMSO, the
vehicle used to dissolve the flavonoids, has itself a protective
activity against the toxic effects of hydroxyurea on embryos.

Discussion

The beneficial functions of dietary flavonoids have been well
documented, and their potential toxic impact has also been
understood progressively. Because flavonoids are used as
dietary supplements for health maintenance, it is likely that
large amounts may be ingested. The rationale for performing
this study was to establish the direct teratogenic activity of
quercetin and naringenin during embryonic development, and
to determine whether both flavonoids are capable of protect-
ing against teratogenic insult, mediated mainly by oxidative
damage.

In this study it was demonstrated that quercetin and narin-
genin exposure produced growth retardation, developmental
defects and reduced viability in cultured mouse embryos. Both
flavonoids induced the same malformation patterns, like neural
closure tube defects, telencephalic hypoplasia, abnormal
somites and rotation failure. Quercetin showed more teratoge-
nic potential since its toxicity was evident starting from
100 mm. The exact mechanism by which quercetin and narin-
genin produce in vitro teratogenesis is yet to be understood.
However, it has been suggested that flavonoids may act at
a cellular level as pro-oxidants, enzyme inhibitors and
mutagens.[23] A proposed cytotoxic mechanism for flavonoids
is their pro-oxidant effect, which could be a consequence of
polyphenol autoxidation (hydrogen peroxide production) in
growth medium or activation by intracellular cytochromes.[24]

Other possible mechanisms are inhibition of topo-
isomerases,[25] proteosome synthesis,[26] or fatty-acid synthe-
sis,[27,28] cell cycle arrest, p53 accumulation and enhanced c-fos
and c-myc.[29] On the other hand, structure–activity relation-
ship studies have demonstrated that quercetin is more toxic
than naringenin due to the following characteristics: high lipo-
philicity, the presence of a C2–C3 double bond and ortho-
hydroxylation on the B ring within its structure, redox potential
and cell incorporation rate.[30–32] These findings suggest that the
higher teratogenicity observed for quercetin in comparsion
with naringenin in this study is probably mediated by their
reported differences in structure–activity properties. However,
more research is necessary to clarify this issue.

There have been no reports concerning the concentration
level of naringenin or quercetin in embryos or fetuses after the
dam exposure, or whether they have the ability to cross the
placental barrier. In this sense, only few flavonoids have
been studied, such as the synthetic flavonoid (3-methyl-48,6-
dihydroxy-38, 58-diiodoflavone),[33] a-naphthoflavone,[34] cat-
echin[35] and epigallactocatechin gallate and neohesperidin
dihydrochalcone, the placental-barrier-crossing capacity of
which has been quantified, but no teratogenic potential hasTa
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been evaluated.[36] On the contrary placental and fetal tissue
levels of genistein[37] and daidzein,[38] which are teratogenic
flavonoids because of their phytoestrogenic activity, have
been measured, but their toxic effect depends on oestrogen
receptor occupancy in the placenta rather than on their ability
to cross the placenta or their conceptus concentration level.
From this background and the data reported here, the com-
plexity of flavonoids’ teratogenic potential can be visualized.
Teratogenic response is often linked to teratogen maternal
plasma concentration.[39] Peak plasma concentrations of fla-
vonoids depend on the nature of the specific flavonoid, as well
as its source, dose, frequency of exposure and the specie. In
data published by Felgines et al.,[40] naringenin plasma con-
centrations recorded 10 h after feeding rats with naringenin
and other analogues varied from 128 to 144 mm. In our study
we found naringenin in vitro embryotoxic activity at a con-
centration of 300 mm, which is 2- or 3-fold greater than can be
achieved by feeding rats with rich flavonoid diets, suggesting
that the flavonoid potential to impact embryonic development
in vivo is remote.

The quercetin teratogenic concentration determined in
vitro in this study (100 mm) has been achieved experimentally
in rats by others, where the plasma concentration reached a
value of 115 mm after an oral administration of 1 g daily.[41]

Whereas human quercetin plasma concentrations are usually
in the low nanomolar range, upon quercetin supplementation
they may increase to the high nanomolar or low micromolar
range.[42,43] Although quercetin attains plasma concentrations
in vivo within the range of teratogenic activity, it has been
reported not to be teratogenic in rats. Briefly, Willhite[44]

proved that up to 2 g/kg of quercetin administered to rats on
day 9 of pregnancy or daily from day 6 to 15 of pregnancy
produced no evidence of teratogenicity apart from offspring
weight reduction. This data implies that the lack of teratoge-
nicity of quercetin observed in vivo may be due to maternal–
embryonic relationships, such as maternal metabolism,
placental transport or embryonic quercetin uptake: factors that
alone or combined could limit quercetin bioavailability.

The results of this work suggest that the human teratogenic
potential of these flavonoids could be low, because human
plasma levels of flavonoids after a flavonoid-rich diet are in a
range of 10–500 nm (about 50 nm and 112 nm, for quercetin
and nargingenin, respectively),[45] which is about 2000 times
lower than the concentration associated with the in-vitro ter-
atogenic response reported here. Nonetheless, further research
is needed to definitively demonstrate the safety of consump-
tion of these flavonoids during pregnancy.

On the other hand, there is extensive interest in the
progress of strategies to protect embryonic development from
insults during organogenesis. Although maternal dietary anti-
oxidant supplementation has clearly been successful in
improving fetal outcomes in animal models, such as experi-
mental diabetes,[46] or after exposure to specific teratogens,
including hydroxyurea,[17] there is no evidence of the impact
of flavonoids against chemical-induced teratogenesis.

It has been reported that mouse embryos exposed to
hydroxyurea exhibit growth retardation, high frequency of
lethality, neural tube closure defects, rotation failure and
abnormal facial processes.[47] The results of this work are
consistent with those reported. In this context, our study

shows that naringenin and quercetin decrease growth and
differentiation affectation caused by hydroxyurea in cultured
mouse embryos. However, a total protection by these com-
pounds was not achieved. The in-vivo and in-vitro teratoge-
nicity of hydroxyurea is sensitive to addition of deoxycytidine
monophosphate[48] and to antioxidant agents,[49–51] which par-
tially reduced total and specific frequencies of abnormalities.

Dimethyl sulfoxide, which was used as a vehicle for the
flavonoids at a concentration 0.1%, protected embryonic
development against hydroxyurea-induced damage, contrib-
uting to the protection exerted by flavonoids. Recently it has
been reported that DMSO has cyto- and embryoprotective[52,53]

activity mediated mainly by antioxidant mechanisms, by
reducing the production of reactive oxygen.[54] It is likely that
DMSO acts by this mechanism against the teratogenic effect
of hydroxyurea.

The protection exerted by naringenin and quercetin, as
well as DMSO, in this work, is in agreement with that found
for other antioxidants regarding hydroxyurea-induced terato-
genesis (i.e. mannitol, propylgallate and Trolox-C). In all
cases the teratogenic effect of hydroxyurea had not been com-
pletely reverted.

Because antioxidant and free radical scavenging activity
are documented for naringenin,[55] quercetin[56] and DMSO,[57]

it is possible that their protective effect found in this work
might be mediated by the same mechanisms. If dietary quer-
cetin and naringenin could provide protection experimentally
in in-vivo models, it might be possible that they also provide
protection against human teratogenesis mediated by oxidative
chemicals.

Conclusions

Teratogenic concentrations of naringenin and quercetin on
post-implantation whole mouse cultured embryos were
identified, which in conjunction with flavonoid plasma con-
centrations available in the literature suggests a remote
developmental toxic potential. Additionally, the capacity of
these agents to partially protect embryonic development from
damage induced by hydroxyurea was proved.
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